Surface-breaking cracks in metal sheets may be detected by injecting alternating current into the sheet and observing the resulting nonuniformity in the surface electromagnetic field. The current is forced to flow in a thin skin near the surface of the metal with a skin depth, I)= ..f2tlyl, where (1) and Jl is the permability of the metal, o is the conductivity and ro is the angular frequency of the interrogating field. At a frequency of 6 kHz the skin depth of the field in mild steel is about 0.1 mm which is much less than the typical length scale associated with many of the surface-breaking flaws of interest. Using a thin skin approximation, therefore, Michael et al [1] showed that if a uniform current is incident on a crack in a ferrous metal, the electric field may be written as In ferrous metals at relatively low frequencies, Lewis et al [2] showed that it is a reasonable approximation to assume that both the normal and tangential components of the electric field are continuous at the crack edge and so the potential distribution in the plane of the crack is an analytic continuation of the potential distribution on the upper surface of the metal. Thus, the crack face may be 'unfolded' into the same plane as the metal surface resulting in a two dimensional boundary value problem for a single potential in a region with a partially unknown boundary, as illustrated in figure 1. Continuity of magnetic flux across the lower edge of the crack requires the potetnial to be zero along the line ABCDE while the uniform upstream field is modelled by <ll(x,y) -y as (x 2 + yZ)' 12 --+ oo y ~ 0
:H = (Ex,Ey.O) = E.(x,y) err. Re[y] > 0 on each surface of the metal, where x and y are surface coordinates and the z -axis points out of the metal. The surface electric field E. is irrotational and solenoidal and so may be written as E. = V<ll(x,y) where V 2 <1l = 0 .
(2) (3) In ferrous metals at relatively low frequencies, Lewis et al [2] showed that it is a reasonable approximation to assume that both the normal and tangential components of the electric field are continuous at the crack edge and so the potential distribution in the plane of the crack is an analytic continuation of the potential distribution on the upper surface of the metal. Thus, the crack face may be 'unfolded' into the same plane as the metal surface resulting in a two dimensional boundary value problem for a single potential in a region with a partially unknown boundary, as illustrated in figure 1 . Continuity of magnetic flux across the lower edge of the crack requires the potetnial to be zero along the line ABCDE while the uniform upstream field is modelled by <ll(x,y) -y as (x 2 + yZ)' 12 --+ oo y ~ 0 (4) TIIE INVERSION PROCEDURE In practice, the shape of the lower edge of the crack defined by the line BCD in figure 1 is unknown. The experimental data is assumed to consist of a set of off-crack readings of the voltage, {V 1 (x)} in which both legs of the probe are on the same side of the crack and one leg is on the crack edge, and a set of cross-crack measurements of the voltage, {V2(x)}, in which the probe just straddles the crack. Provided that the upstream voltage V _ is known and assuming that the crack opening is negligible, these measurements are converted to a potential distribution along the top of the crack using the formula
where ..i is the probe length normalised with the crack semi-width on the metal surface. Thus, the problem of inversion reduces to that of determining the shape of the lower edge of the crack, line BCD in figure 1 , given that the potential distribution along the top of the crack,
is known. The mathematical problem is reformulated using cl> and its harmonic conjugate 'P as the independent variables. This transforms the two dimensional boundary value problem with partially unknown boundary, into the two dimensional, half plane problem shown in figure 2. This formulation requires the stream function 'P along the top of the crack to be known. Using the Plemelj formulae Mciver [3] showed that this is given by
In particular, (7) may be used to determine the values of the stream function at the crack tips x = -1 and x = 1, which are denoted by '1'-1 and 'l't respectively. ds , <p > 0 .
(7)
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In the transformed plane, the boundary condition that the potential distribution is given along the top of the crack, equation (5), becomes
where
Application of this boundary condition to (9) gives
which is a Fredholm integral equation of the first kind for the crack shape g(\jf). Once g(\jf) = Y(O,"'If) has been calculated, the shape of the crack in the physical plane is determined by evaluating X(O,'If) which is given by Mclver [3] as 
and Provided that the crack shape is sufficiently smooth, the coefficients a; are bounded by In practice, it is found that with this small value for n, the matrix system may be solved without generating any large spurious terms. The minimization technique described is then used to solve a larger system of equations, (usually with n = 16), using the values of rand C given by (20) and (21).
RESULTS
The method outlined in the previous sections is first tested using theoretical distributions of potential from known crack shapes. Figures 3 and 4 illustrate the predictions for a semi-circular arc crack and an asymmetric, bow shaped crack. In both cases, the inversion procedure predicts the crack shape accurately from data sets consisting of 23 and 19 points respectively, and using 16 terms in the Che- 
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In practice, any experimental data are liable to have inaccuracies; it is interesting to examine how such errors affect the prediction of the crack shape. Thus, as a test case, the potential distribution along the top of a semicircular arc crack was modified by adding to it a sinusoidal modulation with amplitude equal to one hundredth of the maximum value of the exact potential and wavelength equal to two units. Thus, the modified potential is given by cpmodifi<AI (x,O) = cpexact (x,O) + 0.01 cpexact (0,0) sin ltX (22) Figure 5 illustrates the prediction of the crack shape when the matrix system of equations in (14) is solved exactly with n = 16, without imposing any constraints on the Chebyshev coefficients. From the figure, it is seen that the small change in the potential distribution has caused large deviations from the exact crack shape which clearly demonstrates the ill-conditioned nature of the problem. Figure 6 illustrates the predictions of the inversion model described in this paper, for the same set of data and using the same number of terms in the Chebyshev expansion. In this case, the magnitude of the spurious, high frequency terms in the expansion has been suppressed and the numerical prediction is a reasonable approximation to the exact crack shape. It should be noted, however, that in both cases the error in the input data is magnified in the predicted crack shape. 
A method for predicting the shape and size of a surface-breaking crack in a metal sheet using a.c. electric fields, has been developed. This inversion problem was formulated using the potential and stream function of the surface electric field as the independent variables. This resulted in a Fredholm integral equation of the first kind for the crack shape in terms of the stream function. Such equations are ill-conditioned and so a minimization procedure which suppresses the instability, was used to solve the equation. The model was tested using theoretical data from known crack shapes and accurate predictions were obtained.
